The aim was to examine the effects of smoking, physical activity, and body mass on total cholesterol and high density lipoprotein cholesterol (HDL-C) in adolescent schoolgirls in Sydney, Australia. Body mass index (BMI) and waist to hip ratio (WHR) were determined in 144 girls aged 15 to 18 years. Total cholesterol (TC) and HDL-C were estimated on fingerprick blood and behavioural variables assessed by questionnaire. Prevalence ofoverweight (>90th centile for BMI) was less in Australian adolescents than reported from the USA. Smokers had lower total cholesterol than non-smokers; this was partly explained by a lower HDL-C in the smokers. Physical activity was associated with a less atherogenic TC/HDL-C ratio. Girls with BMI >90th centile had higher mean TC/IHDL-C and apoprotein B than the group as a whole but those >90th centile for WHR did not. (Arch Dis Child 1995; 73: 392-397) 
There are many reasons for examining cardiac risk factors in adolescent girls. While Cholesterol in blood is distributed between various lipoprotein fractions.9 Raised concentrations of certain of these fractions such as low density lipoprotein (LDL), which has apoprotein B (apo B) as its protein moiety, are associated with increased risk of coronary heart disease, while HDL-C, which has apoprotein A-1 (apo Al) as its protein moiety, is protective.10 The analysis of the various fractions is a more useful indicator of coronary heart disease risk status in populations than that oftotal cholesterol alone11; the ratio of total cholesterol to HDL-C (TC/HDL-C) is inversely related to risk of coronary heart disease and is a predictor of coronary heart disease independent of age, smoking, body mass index (BMI), and history of angina, diabetes, or hypertension.'2 Measurements of apo Al and B also add significantly to the prediction of coronary heart disease risk. 13 Cigarette smoking causes unfavourable alterations in plasma lipids, particularly a reduction in HDL-C,14-16 but these findings have not been confirmed in adolescents. While smoking is decreasing in the adult population in Australia, '7 28% to 31% of 15 to 17 fatter than other groups 37 38 and are perceived to be less likely to participate in school sport. The aim of this study was therefore to examine the associations between body mass, smoking, physical activity and the concentrations of total cholesterol and HDL-C in adolescent schoolgirls. year age group Americans were heavier than Australians at the 90th centile. Comparison of our BMI distributions with the NHANES data shows that in the latter the distributions shift slightly upwards with age; the Australian distributions behave differently, the medians remaining almost constant but the variability decreasing markedly (the distances from the 10th to the 90th centile are 9 9, 6 5, and 6 1, as opposed to 9-2, 9 4, and 9-5 for NHANES).
A comparison of the anthropometric measurements stratified by smoking, first language spoken at home, and measures of physical activity is shown in table 3. Smokers and non-smokers showed no significant differences but there was a trend towards a higher BMI and a more central distribution of body fat in smokers. Girls of non-English speaking background also had a more central distribution of body fat, with a significantly higher WHR. When the vigorous and nonvigorous exercise categories were collapsed and subjects who were either above or below the the mean by the various methods of assessing physical activity (including a comparison of top and bottom scorers on the activity scale) were compared, no differences were apparent in the anthropometric measurements.
No difference in overall physical activity was observed in smokers compared with nonsmokers (table 4). Girls of non-English speaking background had a significantly lower activity score (4 9 v 6-6, p<0001) and spent fewer total hours at exercise (3 3 v 8-8, p<000 1). It appeared that smoking was associated with ethnicity as the percentage of girls from English speaking backgrounds who smoked was twice that of girls from nonEnglish speaking backgrounds (although the total number of smokers in the latter category was small at 3/35).
LIPID ANALYSIS
Sufficient blood was obtained to measure total cholesterol in 144, total cholesterol and HDL-C in 125, and total cholesterol, HDL-C, apo Al, and apo B in 53 subjects. The mean lipid values of the total group and of each major age group are shown in table 5 . Total cholesterol increased with age, while HDL-C remained steady. Both apo Al and B levels increased with age. Apo Al was positively correlated with HDL-C concentrations (r=0-36, p=0 008). Apo B was highly positively correlated with the TC/HDL-C ratio (r=0-7, p<(0*001). The TC/HDL-C ratio was positively correlated with waist (r=0-29, Table S Comparison oflipid profiles of total group, each major age group, and above and below 90th centiles of body mass index (BMI) and waist to hip ratio (WHR) (TC and HDL-C in mmol/l; apoproteins in mg/dl). Values p=0 03), BMI, (r=0-28, p=0 04), and WHR (r=0-25, p=007). Girls with a BMI above the 90th centile did not differ significantly in total cholesterol but had a lower HDL-C, which resulted in a significantly higher TC/HDL-C ratio (table 5) . Apo B was also significantly higher in these girls (p=0 02). Girls with a WHR above the 90th centile had both lower total cholesterol and lower HDL-C and thus the TC/HDL-C ratio did not differ significantly.
A value of <5 0 mmol/l for total cholesterol and >0 9 for HDL-C has been recommended as desirable for 16 year old girls.45 Ten per cent of the total (14 girls) had a total cholesterol of >5-0; of these, 12 also had HDL-C measurements taken. The HDL-C of this group was significantly higher, at 1.50 (SD 043) v 1-32 (029) mmol/l (p=005) than in the group as a whole, but the greater difference in total cholesterol resulted in a higher TC/HDL-C ratio: 3 9 (1.15) v 3-2 (088) (p=0.02). This group was not significantly different in BMI, WHR, or waist from the group as a whole. Only one girl satisfied the double risk factor of total cholesterol >5.0 and HDL-C <09 mmol/l.
ASSOCIATION BETWEEN PHYSICAL ACTIVITY AND LIPID PROFILES
The lipid values of subjects who were assessed as being above or below the average by all of the separate methods of categorising physical activity (including a comparison of the top and bottom scorers in the total activity score) were not significantly different (data not shown). However, there was a consistent trend for the more active group to have a lower TCIHDL-C ratio. SAdjusted for BMI and WHR.
ASSOCIATION BETWEEN SMOKING HABITS AND LIPID PROFILES
Preliminary analysis showed that the total cholesterol in smokers was lower than in nonsmokers (p=0.02). This was partly explained by lower HDL-C in smokers (p=0 06). Since smokers had slightly greater BMI and WHR than non-smokers the lipids were adjusted for these variables. The adjusted levels of total cholesterol in smokers was lower than in nonsmokers and again this was largely explained by a lower level of HDL-C in smokers (table 6) .
ASSOCIATION BETWEEN FIRST LANGUAGE SPOKEN AT HOME AND LIPID PROFILES
Since girls from non-English speaking backgrounds had a more central distribution of body fat, the total cholesterol and HDL-C levels were adjusted for BMI and WHR before lipid profiles were compared. A comparison of these adjusted values (table 6) showed that these girls had a higher total cholesterol than girls from English speaking backgrounds. HDL-C concentrations were similar in the two groups; thus the TC/HDL-C ratio was higher in girls of non-English speaking background. Australia is 12-5 and it can be assumed that at least 95% of the subjects are postmenarchial. Lipid values in the study subjects are generally similar to those described in studies which include at least some subjects of similar age.3 49 50 The concentrations of apo Al (the main protein carrier of HDL-C) in a subset of the study population are almost identical to those found in other studies of similarly aged subjects.49 50 Both HDL-C and apo Al remained constant across age groups. This finding most probably reflects established postpubertal status, as apo Al drops markedly after puberty in girls.49 The atherogenic LDL cholesterol cannot readily be measured in an epidemiological setting; however, apo B, which carries LDL cholesterol, was measured in a subset of the study population and found to be highly correlated with the main lipid index of atherogenicity, the ratio of total cholesterol to HDL-C.
Two potential confounding variables for lipid measurements in this study are that subjects were not fasted and that oral contraceptive use was not determined. Fasting primarily affects triglyceride levels and has little effect on total cholesterol or HDL-C.51
The effect of oral contraceptive use is likely to be minor. In one study in young women no difference was found in mean total cholesterol with oral contraceptive use and only a 0-04 mmoIIl difference in HDL-C was noted.8
The significantly higher TC/HDL-C ratio and apo B in girls above the 90th centile for BMI but not in those above the 90th centile for WHR suggests that in this young relatively lean population, total adiposity appears to be associated with a more atherogenic lipid profile than the distribution of body fat (since WHR is closely correlated with visceral fat mass as measured by computerised axial tomography52 it may be used as an indicator of visceral fat in epidemiological studies53).
Smoking and physical activity are known independent risk factors for coronary heart disease. In this population smoking increased with age and the prevalence of smoking in the older girls approached the national average for this age group.'8 The lower total cholesterol of the smokers is partly explained by a reduction in HDL-C which persists after adjustment for anthropometric variables. It is of increasing concern that smoking rates in adolescent girls are not declining in Australia despite extensive public education programmes. Smoking is often viewed as a weight control mechanism in adolescent girls and this belief is likely to override any health messages, including those related to lipid profiles. The finding of lower total cholesterol in smokers emphasises the importance of considering the lipid subfractions in cholesterol screening.
There is no gold standard to assess physical activity in an individual. The study method is relatively broad but both vigorous and nonvigorous exercise tended to be associated with a higher ratio of total cholesterol to HDL-C. In particular, girls from non-English speaking backgrounds spent less time in vigorous exercise and had a higher TC/HDL-C ratio. It is likely that considerations of modesty and cultural practice influence physical activity in this group. Schools may need procedures to ensure equity of access to healthy physical activity in young women from non-English speaking backgrounds.
The lipid profile was generally healthy in these adolescent girls. Even in the higher ranges of BMI, where the greatest differences were observed, the mean TC/HDL-C ratio still indicates comparatively low risk. However, several risk trends are apparent which suggest some pertinent school health education concerns. These include discouraging smoking and providing equity of access to exercise and physical activity. In the final analysis it is worth emphasising that ischaemic heart disease, a chronic disease of which smoking is a major risk factor, is the main cause of death of women in Australia and that the lifestyle components which influence cardiovascular disease are better treated in adolescence than in later life.
